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INTRODUCTION 
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It is of prime importance that pulsation of blood flow should be maintained 
during total by-pass. Never-thかles,there are fewァ papersconcerning this problem 
except WEsowwsKr, who experimentall~· proved that the pulsatile blood flow w剖
quite unnecessary to maintain the good ph~·siological state of the animals. GrnEoN5iJ 
and KANTROWITZ24i experimentally succeeded extracorporeal circulation in 1950, ancl 
in 1951 DENNIS9) successfully repaired atrial septal defect using the artcn・ pump 
with low amplitude pulsation. Since then, the artery pumps of metal-finger and 
DEBAKEY types which produce low amplitude pulsation are now in wide clinical use. 
Recently, however, it has been noticed that15JisJ32J3i during the prolonged extra-
corporeal circulation various unfavorable phenomenon, such as an unexpected fall in 
arterial blood pressure or a development of metabolic acidosis were often experien-
ced even with a relativel~· high blood flow. The causes of these unpleasant pheno-
menon have not yet been sufficiently clearified, but the unphysiologic condition of 
the blood stream, namely diminution or disappεarance of pulsation in arterial blood 
stream during extracorporeal circulation seemed to be one of the important causative 
factors of these phenomenon. 
The present investigation, therefore, was attempted to solve the significance of 
pulsatile blood flow during cxtracorporeal circulation using the artcr;; pump const-
ructed b~’ Dr. GoRo KAMIMOTO, Professor of the Faculty of Technology, Kyoto 
Universit~·. Although the survival rate after total by-pass ＂’as used as a basis of 
decisions in the experiments of WEsowwsKr and others,60J the present author paid 
special attentions to pathologic physiology during heart-lung by『passin this experi-
ment. 
Chapter I. Studies on the Artificial Heart-Lungλpparatus 
Section 1. Studies on the mechanical pump 
All the mechanical pumps in current use for artificial circulation to replace 
the heart have been divided into two cate宮oriesthose of high amplitude pulsation 
and those of low amplitude pulsation. ¥' e constructed, as already reported'")";', an 
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Fig. 1 a Close up photograph of the 
artery pump. :\•>. I type. 
Fig. 1 b Photograph of the artery 
pump. No. 2 type. 
artery pump "・ith high amplitude pulsation ; type-1 is illustrated in Fig. la, and 
type-2 is showed in Fig. lb.人nemergency handle is attached to type-2 for power 
supplyァ incase of stoppage of electric current. In this pump a moving plate com-
presses against two silicone rubber tubes, and squeezes blood out in a pulsatile 
manner. Stainless ball valves are used to prevent regurgitation of the blood stream. 
Experimental Results 
(1) Output 
The pump has a capacit：，’of 5,000 cc 
per minute over a range of 40 to 140 
strokes per minute ; the stroke volume is 
ca日ilymaintained from 0 and 50cc and 
its adjustment is verγsimple. The figm‘e 
shows a pressure-flow relation (Fig. 2). 
As the output is not influenced by change 
of pulse rate in this pump, it is possible 
to use any optimal pulse rate without 
changing flow. 
(2) Pulsation 
The pre日surecurve of this pump rec・
orded IJy electromanometer in model-exper司ー
iment is quite similar to that of the living 
organism (Fig. 3). This is the main ad-
vantage of this pump. The pressure 
pattern of the DEBAKEY pump recorded 
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Fig. 2 Pressure-flow relation. The presure 
is a systolic pressure in the artery pump. 
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Fig. 3 Pulse wave tracings recorded with an electromanometer in model-experiment. 
Above in the figure is shown the pressure pattern cf the artery pump. 
Below is shown the pressure pattern of the DeBakey pump recorded with the 
same pulse frequency 
The changes in pulse pressure 
studied in model-experiment using 
the arterial cannulas of 3mm. and 
5mm. in caliber are illustrated in 
J 噌 G曲崎，＿5.. ,. 
~：＂ ~f 川 M~~W州側附州側川酬附酬「川Vf«llWf,
~LJ '4o' ~φ； ~ ・；，引 SSI 60 I 70 I IO 'IO 1 IOO I !ISげ＇JO
RP./'f. 
Figure 4. The increase in pulse rate イ憎 ら脇如－5RnlD
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This pump causes litle hemoly- Fig. 4 The changes in pulse pressure in model-
sis. In this pump a rubber tube is experiment using arterial cannulas of 3 m. 
not entirely closed even in the case and 5 mm. caliber. 
of the maximum output. Such a construction of the pump seems to minimize 
injuries to the blood cels. 人sa matter of fact, when hemolysis or plasma hemo-
globin determination50J w山 usedfor an index of blood damagc,m5i2n25l27i the hemol-
ysi日 causedby this pump was quite negligible, compared with that caused by the 
DEBAKEY pump (Fig. 5 a, b). Plasma hemoglobin during total b〔）（Jyperfusion 
increased mildly (Fig. 6). Its content was 15.8 55.lmg% (aYcrage 35.8 mg%) at 
the termination of one hour perfusion. Comparing with the results former!:" repor『
ted by others,1l4Gi5oi this present results, is far below the renal thresholcJ,17J3oJ and i日
regarded as very excellent. No definite relationship was established between hemol-
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a. Increase of Plasma Hb with time 
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b. Increase of Plasma Hb with time 
(at 5 Liters per Minute) 
Fig. 5 The hemolysis caused by this arterial pump is quite negligible, compared 









Fig. 6 Hemolysis during extracorporeal 
circulation. 
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Fig. 7 Photograph o.f author's oxygenator. 
(a) gas distributor. (b) blood manifold. 
A layer of bloocl-oxygen foam is created 
by passing oxygen through blood. Venous 
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nators and eventually modified 
and employed a foam ox~’genator 
Of ¥T AUD-SALISBURY ty1】eo）拍）！；7)
(Fig. 7). In this oxygenator, 
oxygen is blown into the blood 
from the gas distributor in the 
lower part of the oxygenator, 
and the blood is sprayed onto the 
blood foams uniformly from the 
above. The priming blood volume 
of this oxygenator is 300cc. Pure 
oxygen was used in a ratio of 
nearly 1: 1 to blood, and usually 
the amount of oxygen needed ,・as 
ven・ small. 
Experimental Results 
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The arterial oxygen satura-
tion b~’ this ox:<genator is excel-
lent, and when the blood flow is 
less than 1.1 1/min., it usually 
shows the value of 95-100% 
saturation (Fig. 8). 
(2) Elimination 
dioxide 
The oxygen fl.ow through this 
oxygenator is very small, but the 
carbon dioxide content and Pco, 
in the arterial blood after passage 
through this ox~·genator 日0111€ \\'­
hat decreases (Fig. 9). The use 
of pure oxγgen is said to wash 
out carbon dioxide in excess, 14l15l20】
却）32）剖land oxygen containing （、o"
in 2-5 vol. % is usually used to 









Fig. 9 Carbon dioxide content and carbon 
dioxide tension in the arterial blood 
during total body perfusion. 
Caco2 : arterial carbon dioxide content. 
Paco2 : arterial carbon dioxide tension. 
























お）49）人sGrnBoN18i described, Pco, should be maintained over 25mm. Hg. at the lowest. 
Chapter IL The Role of the Pulse in Extracorporeal Circulation 
Methods and Materials 
Fifty health｝ア adultmongrel dogs, weighing 7 to 12 kilograms were anesthetized 
with intraYenous pentobarbital sodium (25 to 30 milligrams per kilogram of body 
weight). Respiration was maintained with intermittent positive pressure with pure 
oxrnen. The chest was opened by an incision through right fourth and left third 
intercostal spaces. The az~γgos vein was ligated and sling ligatures were placed 
around both venae cayae. Three milligrams of heparin per kilogram of body weight 
was given intravenousl~· after al dissection had been completed. For arterial blood 
delivery a metal cannula of 3mm. in diameter was inserted through the left carotid 
arten・ into the aorta, and for Yenous cannulation two vinyl tubes of 5mm. in 
caliber were passed through the right atrium and one was placed into the superior 
and the other into the inferior vcnae cavae. Venous blood was sucked by gravity 
at a negatiYc pressure of about 30cm. H20 and ¥Vas collected in the reservoir. A 
large amount of normal saline solution was pumped through the circuit, and the 
heart-lung apparatus ＂’as filed with heparinized blood. The amount of blood neces-
sary to fil the apparatus wa日 approximate！~· 1500cc. Operations were performed 
with clean but not sterile and al dogs 
were subsequently sacrificed for pat-
hohistologic examination. 
The flow rate was accuratelv 
determined with the electromagnetic 
flowmeter or rotameter. The arterial 
pressure was recorded from the fcmo-
ral arter>・, and the venous pressure 
from the inferior vena cava. Throug-
hout the experiment the pulse rate 
n’as set at 70 to 80 per minute, an【1
when a non-pulsatile flow was requi-
red pulsation ＼’as remowd l乃’ anair 
chamber (Fig. 10) interposed in the 
deliverγtube. 
Fig. 10 Diagram of the depulsator. When a 
non-pulsatile flow is required pulsation is 
removed by an air chamber. 
The animals were divided into two groups, i. c., the pulsatile and non-pulsatile, 
and observations were made on each group with either pulsatile or non-pulsatile 
flow under the same flow rate from 50 to 120 cc/kg/min. for a period of sixt~· 
to ninety minutes of extracorporeal circulation. （、arewas taken to keep the rectal 
temperature above 36°C. during the procedure. Arterial and venous blood samples 
drawn simultaneously in oiled s≫ringes during perfusion were analyzed by the VAN 
SLYKE and 1¥ EILLE technique54l for OX?gen content, ox>・gcn capacity18l and carbon 
dioxide content. The pH was measured by the Shimadzu glass electrode at 37°C. 
Pco2 and HCひ： werecalculated from the V AN-SLYKE and SENDROY’S nomogr'.lm,55' 
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and buffer base from the SINGER and HAsTINGs' nomogram51l. Scrum sodium and 
potassium levels were measured with the flame photometer (RANGE) and ¥'Cnouc: 
hematocrit values were determined I>~· the volume met hod. 
Experimental Re::mlts 
(1) Arterial blood pressure 
The pressure curye of the organism recorded during extracorporeal circulation 
with the pulsating artery pump ¥Vas quite similar to that recorded before extracor-
poreal circulation (Fig. 11). Thi日 pressurecurve ＂’as taken from femoral artery 
after the clamping of the aorta. 
J血
Fig. 11 Electromanometric pulse wave traces taken within the femoral artery. 
The arterial pressure was easily 
maintained in the pulsatile group, i. 
e., under the same flow rate the art-
erial pressure in the pulsatile group 
was kept approximately 15mm. Hg. 
higher than in the non-pulsatile group 
(Fig. 12). 
In both groups a linear relation-
ship was noted between arterial pres-
sure and flow rate, but in the pulsatile 
group the increase in 自owrate did 
not cause a proportional rise of the 
arterial pressure when flow rate was 
more than 90cc/kg/min., and the pres-
sure-flow relation came to lie horizon『
taly. 
In the non-pulsatile group the 
arterial pressure was maintained in a 
relatively good condition within 15 to 
20 minutes after beginning of total 
body perfusion, but 30 minutes later 
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Fig. 12 Comparison of arterial pressure 
between pulsatile and non-pulsatile 
flow under the same flow rate. 
to fal in man;: cases (Fig. 13). This h~·potension seemed to be irreversible 
was neither normalized b~’ increasing flow rate, nor ln・ using the yasoprc日sm・日
and 
(2) Peripheral vascular resistance 
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(top row) 
C. Flow rate, 95～100 cc/kg/min. 
B 
】llustratesarterial pressure <luring extracorporeal circulation between pulsatile 
and non-pulsatile flow (bottom row). 





In both groups, peripheral re日istanceincreased above normal immediately after 
onset of perfusion, but just a日 inthe case of arterial pressure, it gradually fel in 
the course of perfusion in the non-
pulsatile group. On the other hand, 
in the pulsatile group it usually rem-
ained constant throughout the period 
of extracorporeal circulation, and the 
tonus of the peripheral blood vessel 
was seemed to be in good condition 
(Fig. 14). 
As to the relationship between 
peripheral resistance and flow rate 
(Fig. 15), the peripheral resistance 
increased with decrease in the flow 
rate so as to maintain the arterial 
pressure in the pulsatile group, whe-
reas in the non-pulsatile group a linear 
relationship was noted between the 
both ; that is, decrease in flow rate 
was accompanied by decrease in peri-
pheral resistance. 
(3) Central venous pressure 
No remarkable di百erence was 
noted between both groups. Almost 
al cases showed below lOcm. H,O 
during total body perfusion (Fig. 16). 
The diameter of a venous cannula and 
1389 
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Fig. 14 Peripheral vascular resistance not only 
lowered but was liable to show a further 
decrease in the course of time in the non-
pulsatile gr刀up,whereas in the pulsatile 
group it was adequately maintained throug-
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F』g.16 There was no remarkable difference 
in、enouspressure between both groups. 
110 で~」
Fig. 15 Relationship between peripheral 
resistance anti Ilow rate. 
/00 ，。10 ?'O 60 !O ~ 
1390 日本外科宝函第29巻第6号
distance of rescnoir Jcycl seem to be two chief factors that determine the venous 
pressure, and a poor suction may cause a l包ein the Ycnous pressure. The use of 
a smaller venous cannula not onl~’ caused an abnormal rise in this pressure, but 
also decreased the venous return as well. 
Besides the above findings, in some cases of the non-pulsatile group, it was 
noted that the venous return gradual!>・ decreased during perfusion under comparati圃
vely low venous pressure, or that the gradual rise in the venous pressure with 
lowering arterial pressure. 
These phenomenon were never noted in the pulsatile group. 
(4) Body weight and venous hematocrit value 
To ascertain a state of blood balance, pre-and post-experimental body weight 
was measur官1(Fig. 17). As thoracotomy, laparatomy and intravenous drip of 
normal saline solution n’ere performed before extracorporeal circulation, some degree 
of post-experimental increase in body weight was noted, but the rate of increase 
was greater in the non-pulsatile group. This increase in body weight in the non-
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Fig. 17 Changes of body weight immedi-
ately after perfusion. 






























Fig. 18 Changes in hematocrit values during 
extracorporeal circulation. 
No direct relationship wa日notedbetween the rate of increase in body weight, 
and the arterial or venous pressures during extracorporeal circulation, but the body 
weight showed a tendency to increase with the duration of total body perfusion. 
There was, however, no appreciable post-experimental increase in body weight in 
some c出 esof the non-pulsatile group, which had shown marked hypotension in 
early stage of perfusion. 
In the non-pulsatile group the hematocrit values tended gradually to rise with 
the duration of perfusion (Fig. 18). 
(5) Oxygen consumption 
The ox>・gen content, saturation and consumption of the arterial and venous 
blood before and during extracoporeal circulation are presented in Table 1. Oxygen 
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Oxygen content, saturation and consumption of arterial and venous blood before and dm・ingperfusion. Table 1 
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Fig. 19 Arterio・venousoxygen difference tended 
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Fig. 20 Relationship between arterio-venous oxy-
gen difference and flow rate. In the pulsatile 
group arterio-venous oxygen difference was 
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Fig. 21 Oxygen consumption was kept nearly at 
a constant as well as adequate level in the 
pulsatile group, while in the non-pulsatile group 
it fel o斤bydegrees in the course of time. 
×日owrate. 
Although the arterial oxrnen 
saturation was kept above 90%, mo・
stl~・ between 98 and 100%, in al 
cases, the venous oxygen saturation 
and arterio・venousdifference differed 
greatly in the two groups; in the 
pulsatile group the venous oxygen 
saturation markedly decreased and the 
arterio-venous oxygen difference rema・
ined the same as, or larger than that 
of the normal level, while in the non-
pulsatile group the venous oxygen 
saturation was high and the arterio-
venous oxygen di仔erence gradually 
decreased in the course of perfusion 
and became smaller than that of the 
control level (Fig. 19). 
This condition was clearly seen 
in the relationship between the arte-
rio-venous oxygen difference and flow 
rate (Fig. 20). In the pulsatile group 
the arterio・venousoxygen difference 
was nearly the same as that of the 
control, whereas in the non-pulsatile 
group much smaller. 
The comparison in oxygen consum-
ption between both groups also gave 
the same results. In the pulsatile 
group the oxygen consumption was 
kept nearly at a constant as well as 
adequate level, a value near 6cc/kg/ 
min. of control, while in the non-
pulsatile group it fel down with the 
passage of perfusion time, and after 
60 minutes it showed a value of 4 
cc/kg/min. on average (Fig. 21). 
As to the relationship. between 
oxygen consumption and flow rate 
(Fig. 22), the increase in flow rate 
was accompanied by the increase in 
oxygen consumption in both groups, 
but there was a marl、cddi百ercnceof 
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more than 11.5 cc/kg/min. between 
the two groups. It was interesting 
to note that normal oxygen consump-
tion was obtained usual!~· ＂’ith a flow 
rate of 75cc/kg/min. in the pulsatile 
group, but it did not reach a normal 
level even with such a high flow as 
more than 100 cc/kg/min. in the non-
pulsatile group. This fact was related 
旬 high oxygen saturation of the 
venous blood in the non-pulsatile group, 
and it is more likely that the organ-
ism perfused with non-pulsatile flow 
is forced to put in a situation that it 
may not be able to take up adequate 
amount of oxygen. 
Changes in the arterio-venous car-
bon dioxide di百erence(Fig. 23) and 
in the carbon dioxide output (Fig. 24), 
as well as the relation between carbon 
dioxide output and flow rate (Fig. 25), 
were further investigated. Nearly the 
same results ¥Yerc obtained as in the 
cases of ox~·gen, but the di町erence
between the two groups were not so 
conspicuous at this point. 
(6) Acid-base balance 
The results of pH, bu町erbase 
and bicarbonate during extracorporeal 
circulation are given in the table 
(Table 2 a.b). As shown in the table, 
while onl~· a slight fall in pH (Fig. 
26), and mild changes in buffer base 
and bicarbonate (Fig. 27) were obser-
ved in the pulsatile group, pH fell to 
7.10 (7.21-7.00) at 60 minutes after 
commencement of extracorporeal cir-
culation, and bu町erbase and bicarbo『
nate markedlv decreased in the non-
pulsatile group. 
As the carbon dioxide tension of 
the veno!.ls bl •ゆd (Pvco _) rcinainE:d 
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Fig. 22 Relationship between oxygen con-
sumption and flow rate. Oxygen con・ 
sumption did not reach a normal level 
even with such a high flow as more than 
lOOcc/kg/min. in the non-pulsatile group. 
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Fig. 25 Relationship between carbon dioxide 
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Fig. 27 Buffer base and bicarbonate 
markedly decreased in the non-
pulsatile group. 
the fall in pH noted in the 11011-pul-
satile group might be due to the 
occurrence of metabolic acidosis. This 
metabolic acidosis became more and 
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Fig. 26 The pH fell to 7.10 at 60 minutes 
after onset of perfusion and resulted 










Fig. 28 Relationship between pH and flow rate. 
No direct correlationship was noted excep-
ting a slight improvement of pf[ caused by 
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Fig. 29 No direct relationship was noted bet-
ween pH and arterial pressure in both groups. 
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Fig. 30 There was linear relationship between 
oxygen consumption and pH and bicarbonate 
deficit in both groups. 
Fig. 31 Serum sodium and potassium 



















































































































































































































































































































































































































































r¥S to the relationship bet¥＼℃en pH, flow rate (Fig. 28) and arterial pressure 
(Fig. 29), anγdirect correlationship was noted neither between pH and flow rate, 
nor b2t＼’een pH and arterial pressure excepting a slight improvement of pH caus吋
b~· increase in flow rate in the pulsatile group. There '"as, however, a linear rela-
tionship between oxygen consumption and pH or bicarbonate deficit (Fig. 30) in the 
t¥＼’o groups. 
(7) Electrolytes (sodium and potassium) 
In the two groups serum sodium level remained nearl~・ constant during extra-
corporeal circulation, ＂’hile serum potassium slightl~・ decreased (Fig. 31, Table 3). 
DISCCSSION 
Relati,·cl~· few studies had been reported on the role of pulsatile blood flow in 
the arterial system of the organism. GooDYER and GLENN19' demonstrated that 
excretion of water and electrolytes, and clearance of inulin and para-aminohippurate 
'"ere unchangeable when arterial pulsation in the renal circulation was almost 
eliminated without change in the mean arterial p阿部ure. SELKURT47' and RITTER40 
also obser¥'ed that reduced amplitude pulsatile flow with normal mean pr，田surehad 
no influence on renal functions and conclude-d that pulsation had no obvious role in 
renal hemocl~·namics. Further, RANDALLm examined pulsatile and steady pressure-
flow relations in the vascular bed of the hind leg of the dog and demonstrated no 
di首位encebetween pulsatile and non-pulsatile flow relations. GIBB0N52' concluded that 
a pulsatilc flow was not necessary for extracorporeal circulation for a period of at 
least 46 minutes on the bases of his own experiments and also on the fact that 
functions of the abdominal vital organs was within normal range in the patients 
with coarctation of the aorta. KANTROWITZ24' reported that essentially non-pulsatile 
flow was adequate for short period of time of total body perfusion. JoNGBLOED23' 
1ninted out, however, that a pulsatile flow had an important role for the adequate 
p~rfusions of organs. DooRILL,・13' Peirce'0' and SouTHWORTH40' also stated that pulsa-
ting delivery was desirable to maintain vascular tone. 
W ESDLOWSKI58i also demonstrated in 1952 that the pulse had a definite physio-
logic role in the maintenance of peripheral vasomotor tone and, therefore, of arterial 
l】ressure.However, he and his associates59'60i concluded in 1955 that arterial pressure 
and peripheral vascular resistance were stable during the non-pulsatile perfusion for 
a period of three hours, and that the pulse was essentially not necessary to maintain 
peripheral vascular tone during by-pass. 
人tl下resentKIRKLIN27i pointed out that the better perfusion might possibly be 
obtained Ii:; the use of a pulsatilc flow, ＼’hile SENNING1川 andSw ANn noted that a 
pulsatile flow would be desirable for adequate perfusion of organs. Under such 
circumstances the indispensability of pulsatile flow has recently been gradually rec-
ognized. 
Results of the present investigation showed that with the same flow rate the 
puhatile fio¥' could maintain the arterial pressure more effectively, and frequent 
episudcs or hypotcnsion were encountered in the non-pulsatile group. DoNALD1日pointed
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out that even the use of a flow rate nearl~· as cardiac output was unable to main-
tain the arterial pressure at a normal level. CwwEs6〕alsoreported the hypotrnsion 
which resembled to normovolemic shock, and MENDELSOHN32〕thoughtthat this h~·po­
tension might be due to the peripheral vasodilatation. 
Concerning the peripheral vascular resistance, READ,42】 DoNALD33iand others 
stated that during extracorporeal circulation peripheral vascular resistance 1Ya日higher
than that of normal, and DIETTERT12i also pointed out that this might be resulted 
from per旬her・alvasoconstriction during perfusion. In the present investigations, a 
rise of peripheral resistance and, therefore, peripheral vasoconstriction occurred 
immediately after onset of perfusion in both groups, but in the course of time the 
arterial pressure and peripheral resistance began to fall in the non-pulsatile group, 
and 20-30 minutes later marked peripheral vasoclilatation seemed to occur. 
As to the rεlation between changes in hemodynamics and flow rate; it was 
ascertained that in the pulsatile group peripheral resistance increased 1・ith the dec-
rease in flow rate, and the vasoconstriction might occur to prevent from lowering 
of arterial prεssure.日owcver,a linear relationship noted in the non-pulsatile group 
was quite similar to that observed in the denervated individual. 
The venous pressure did not di首位 markedlyin both groups, but when total 
body perfusion in the non-pulsatile group was continued over 30 minutes, there was 
a decrease in venous return, though no change 1γas observed in the venous pressure. 
Probably, this should be resulted from pooling clue to periphernl vasoclilatation. The 
development of blood pooling, how日℃r,may be followed b>・ a rise in venous prεssure, 
which in turn leads to dilatation of peripheral blood vessels at which point vicious 
circle ensues as READ43J pointed out, and causes decrease in peripheral resistance and 
hypotension. KIREY and G1ANELLI25) also noted that there occun℃cl changes in vasc-
ular resistance and venous return m’hen cxtracorporeal circulation was prolonged over 
30 minutes, although neither hemorrhage nor changes in the venous p1℃ssure had 
been demonstrated. 
The increase in body weight noted in the non-pulsatile group might be the result 
of blood pooling. According to McMASTER31〕andp ARSON,39】non予uls,1tileflow prom-
pted the formation of e〔lcma. 1 ¥s being mentioned later, non-pulsatile flow also 
caused tissue hyp.>xia, and H liN clL白川 statedthat hγp:>xia prompted the tcmlcnce of 
edema formation, decrease【11・ascular resistance and increased permeability of capil-
lary. Therefore, it may well be considered that the changes not onlyγin vascular 
tone and in hydrostatic pressure of capillan" but also in permeability have contri-
buted to the development of blood pooling in the non-pulsatilc group. 
The extravascular leakage of blood elements resulted from increased permeability 
ma＞’ explain the difference in venous hematocrit values ¥Jじtweenboth groups. It was 
generally noted that hematocrit values usually shm•:ed mild increase during extra-
corporeal circulation. 
KIRKLIN,26) DoNALD,33) DrnTTERT12) and man>・ others asserted that the venous 
oxygen saturation inclicatccl the state of oxn.',"cn uptaLc nt the tiメsuesancl lowering 
of the venous oxygen content reflected the tissue hypoxia. In the opinion of the 
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present author, however, oxygen consumption could really reveal the degree of 
h:-1〕oxiaand the venous oxygen content or saturation could not always reflect the 
degree of oxygen utilization. TAKEDA 35l361 noted, in vital microscopic study of the 
peripheral vascular bed, that in the 11011-pulsatile group the blood flow gradually 
slowed down in the true capillaries 10 to 15 minutes after onset of perfusion and 
finally came almost to stasis. Such an impairment of the blood flow in the true 
capillaries should lead 旬 hypoxiain peripheral tissues, and then to accumulation of 
waste substance, causing lowering of vasomotor tone with dilatation of arterioles 
and complete hemostasis in the true capillaries. Sw AND and DoNALD33) also reported 
that the reduction of oxygen consumption might be the result of insufficient supply 
of blood to the tissue. 
Hypoxia reduces pH value and causes metabolic acidosis. CRAFOORD,nsJ ANDER 
SEN2〕 andSENNING,49i KIRKLIN,26) DE¥¥.ALL10l and LILLEHEI,37) G1ssoN,18) DENNIS，切 MEN-
DELSOHN32〕andLnwmmsl reported that hypoxia would probably lead to disturbance 
of cellular metabolism in the peripheral tissue, and then to the accumulation of 
lactate b:-・ anerobic glycolytic process producing metabolic acidosis. The marked 
metabolic acidosis noted in the non-pulsatile group was clearly a result of hypoxia. 
The fact that no improvement of pH and buffer base were obtained by the increa-
sing司owrate in the non-pulsatile group seems to be connected with the fact that 
in the non-pulsatile group the oxygen consumption does not reach normal level even 
when the flow rate of onr 100 cc/kg/min. is employed. 
Table 4 Priming blood used in present investigation. A slight lowering of pH 
and oxygen content was noted. 





























































96.2 I I 1.9 
96.3 I 14.0 
97.5 I 11.5 
96.8 I 10.2 
98.7 I 14.1 
100.0 I 12.7 
93.7 I 12.4 
97.4 I 13.6 
95.8 I 12.9 
98.I I 11.8 
98.7 I 12.9 
97.9 I 13.4 
97.3 I 12.1 
96.1 I 12.2 
97.9 I 13.9 
99.1 I 14.6 
98.2 I 14.8 
97.8 I 12.0 
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As regard to the occurrence of metabolic acidosis during extracorporeal circula-
tion, the changes in priming blood, as LrLLEHEI,56' l¥IENDELSOHN,32' DrnTTERT,12' BEER~＇ 
and ZENKER6n pointed out, should be taken into cornideration besides hypoxia. The 
priming blood was left usuall~’ at room temperature for a certain length of time 
until the total by-pass was settled, and some kind 0f changes might happen, such 
as a slight lowering of pH and oxygen content (Table 4). 
Respiratory alkalosis due to hyperventilation should also be taken into conside-
ration as one of the cause of acidosis. According to the recent studies, LITWIN,28' 
MAGOVERN,29' PAPADOPOULOS38' and others reported that h ~·perventilation might pro-
bably stimulate the production of lactic acid, and thus exert an accelerating influence 
upon the development of metabolic acidosis. The arterial carbon dioxide tension 
measured before the commencement of extracorporeal circulation was noted less than 
30 mm. Hg. in this experiment. 
SUMMARY 
In the pulsatile group the arterial pressure is maintained above 80mm. Hg. with 
a flow rate of 80 cc/kg/min., and ox~·gen consumption and pH, to, are kept near灯
within normal limits, while in the non-pulsatile group the animal can not be main-
tained in a good condition even with high flow of 110 cc/kg/min. The pulsatile 
flow may be indispensable not only for a prolonged perfusion, but also for a short-
term extracorporeal circulation in order to establish a better prognosis. 
Moreover, in the present investigation the arterial cannula of 3mm. in caliber 
was inserted through the left carotid arter~＇ of the dog, but more e仔ectivepulsatile 
flow should be obtained by inserting larger cannula directly into the aorta. 
CONCLUSION 
The effectiveness of a pulsatile and non-pulsatile blood flow in extracorporeal 
circulation was experimentally studied and the following results ¥'6re obtained. 
(1) In each group either pulsatile or non-pulsatile flow was used for a period 
of sixty to ninety minutes of total body perfusion ; 
(a) Arterial pressure was easily maintained in the pulsatile group, and was 
kept about 15mm. Hg. higher on the average than that of the non-pulsatile group 
under the same flow rate. Consequentl~· ， if the arterial pressure of over 80mm. Hg. 
was desired, the pulsatile group needed a flow rate of 70 cc/kg/min., while a flow 
rate as much as 90 cc/kg/min. was necessary in the non-pulsatile group. 
(b) Peripheral resistance also, just as in the case of the arterial pressure, 
began to decrease from 20 minutes later after the commencement of extracorporeal 
circulation, and gradually fel in the course of perfusion in the non-pulsatile group. 
(c) Central venous pressure did not di百ermarkedly in both groups, but from 
the results of changes in body weight and venous hematocrit value, the blood pooling 
seemed to occur【luringperfusion in the non-pulsatilc group. 
(d) In the pulsatile group oxygen consumption showed almost normal level 
throughout total by-pass, while in the non-pulsatile group it fel graduallγin the 
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course of perfusion. 
(e) In the non-pulsatile group pH fell to 7.10 at 60 minutes after onset of 
perfusion, and marked metabolic acidosis was noted. In both groups, any direct 
correlationship was noted neither between pH and fimγrate nor between pH and 
arterial pressure, but a linear relationship was observed between pH and oxygen 
consumption. 
(2) From the above mentioned results, it would be safe］~＇ concluded that the 
perfusion with pulsatile flow should be safer procedure when the blood日owis below 
100 cc/kg/min. as commonly adopted at present, and particulary when the extra-
corporeal circulation is continued over 30 minutes. 
The author’s greatful thanks are given to Professor G. KAmMOTO, Faculty of Technology, 
Kyoto University, for his cooperation and assistance to the construct10n of the new artery pump. 
The author also wishes to express my sincere gratitude to Dr. T. O日ATAfor his helpful sugges-
tion and kind guidance in the course of work, and expresses my sense of indebtedness to my 
co-workers, Drs. Y. IDA, J. TAKEDA and H. SAsAKr for their encouragements and assistances. 
The gist of the present study was reported at the 2nd Kansai Block Meeting of the Japa-
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nese Circulation Soceity (October, 1959). 
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ていた．酸ネ消費量と流量との関係をみても，両群の し， bicarbonatedeficitもー 12mM/L.となり，著明
間には約l.5cc/kg/min.の著明な差が存在しp 脈動流 な代謝性アチドージスが認められたp両群共にpHは動
群では流量75cc/kg/ min.で既に正常備に達するのに 脈圧，流量との聞に直接の相関関係はなかったがp凶
反してF 無脈動流群では IOOcc/kg/min. を越える大 及び bicarbonatedeficitと酸素消費量との問には直
流量の場合でもなお正常値に及ばなかった．無脈動流 線関係が認められ，無脈動流群にみられた顕著な代謝
群ではp 動・静脈血酸素較差が少なし従って，静脈 性アチドージスは hypoxiaの結果による酸素欠乏性
血酸素飽和度も高い値であったが，酸素消費量は低下 アチドージスであることが明らかにされた．
しp hypoxiaの存在が認められた． (6) 以上の結果からP 体外循環とくに30分以上に及
(5）脈動流群ではppHは僅かに低下しPbuffer base, ぷ長時間の潅流には脈動流を保有することが必要であ
bicarbonateは共に軽度の変動を生ずるのみであった る．
